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(57) A method for temperature compensation is dis- 
closed which comprises the excitation of sensors in a 
guide wire sensor assembly so as to produce two distin- 
guishable out signals. At least a component of at least 
one of the signals is representative of the cable resist- 
ance and can be used for compensation purposes. 



There is also provided an apparatus suitable for such 
measurements having temperature compensation 
means. The compensation means comprises circuitry 
for selectively and independently registering a resist- 
ance value for the passive resistor on the chip. 




Fig. 4 



Q. 
LU 



Printed by Xerox (UK) Business Services 
2.167 (HRS)/3.6 



EP 1 055 392 A2 

Description 



rooon The present invention relates generally to a method of determining the pressure, temperature and optionally 
flow in the medical area, especially to in situ measurement of the intracoronary pressure, distally of a stricture using a 
guide wire having a pressure sensor at its distal end. 

Background of the invention 

roo021 In order to determine and investigate the ability of a specific coronary vessel to supply blood to a heart mus- 
cle i e the myocardium, there is a method through which the intracoronary pressure distally and proximal of a stricture 
are measured In the method the so called Fractional Flow Reserve (see "Fractional Flow Reserve" Circulation, vol. 92, 
No 1 1 December 1 , 1 995, by Nico H. J. Pijls et el.). Briefly FFR myo is defined as the ratio between the pressure distal* 
of a stricture and the pressure proximal of a stricture, I. e. FFR myo =P dist /P pro)< . The measurement of the distal pres- 
sure is made in the vessel using a micro-pressure transducer, and the proximal pressure is the arterial pressure. 
roo031 In WO 97/27802 there is disclosed a sensorfor temperature and pressure measurements having a pressure 
sensitive resistor (referred to as an active resistor) and a temperature sensitive resistor (referred to as a passive resis- 
tor) These resistors are part of a Wheatstone bridge comprising a total of four resistors and three parasitic cable 
resistances Two different measurements are performed in this bridge, namely a measurement of a differential output 
voltaqe (potential difference between the Active and Passive circuit) which is used for pressure measurement and sin- 
ale ended output voltage (voltage across the Passive circuit), which is used for temperature measurement. Only the 
oassL and the active resistor are located on the actual sensor chip that is inserted into the body. The rema.n.ng resis- 
tors in the bridge are located externally, suitably in the control unit, and are coupled to the chip via electrical leads run- 
ning inside a guide wire on the distal end of which the chip is located. This system functions appropriately when the 
environment is such that the properties of the electrical leads are not affected. However, in view of the fact that the leads 
have extremely small dimensions and are relatively long, the resistance of the leads could vary considerably if the frac- 
tion of the length of the leads that are exposed to the body temperature varies, namely, H the guide wire need to be 
manipulated over distances of more than a few centimetres. This effect is obtained in general when the temperature 
surrounding the guide wire changes e.g. when flushing with saline having a temperature differing the from body tern- 
oerSure These effects will have an impact on the temperature and pressure signals, and should be compensated for. 
In particular the read-out value of the temperature sensor (the passive resistor), which is also used for temperature 
compensation will be incorrect. Thus, it is desirable to obtain a correct temperature read-out. One way of achieving this 
woTd be to p ovide separate leads coupled so as to enable a direct reading of the voltage drop across the passive 
temperature sensitive) resistor. However, this would require the provision of five electrical leads ms.de the guide wire, 
and there is simply not space enough to make this possible. . 
■ TO0041 In US-5 71 5.B27 (Cardiometrics). which is incorporated in its entirety herein, there is disclosed apparatus for 
pressure measurements using two resistors provided on a flexible diaphragm The resistors are mounted so as to have 
opposite response to pressure, i.e. one resistor gives a positive signal and the other a negat,ve. In the patent it is stated 
that this arrangement provides a temperature compensation for the signal. However, this arrangement has the same 
inherent problem with cable resistances affecting the signal. 

Summary of the invention 

r00051 The object of the invention is therefore to provide a measurement method using a single unit having as few 
electrical leads as possible, namely only three, and allowing compensation for variations in resistance of the leads cou- 
pling the resistors in the sensor to the control unit, in order to obtain a reliable measurement. 

mooei The object outlined above is achieved according to the invention with the method of measurement defined 
n claim 1 The method comprises the excitation of the sensors so as to produce two distinguishable signals. At least a 
component of at least one of the signals is representative of the cable resistance and can be used for compensation 

r00071 In a second aspect of the invention there is provided an apparatus suitable for such measurements having 
temperature compensation means. The compensation means comprises circuitry for selectively and independently reg- 
istering a resistance value for the passive resistor on the chip. The apparatus is defined in claim 12. 
roOOSI Further scope of application will become apparent from the detailed description given hereinafter 
0009 Nevertheless it should be understood that the detailed description and specific examples, while describing 
a measurement method are given as an illustration only. Various changes and modifications within the spirit and scope 
of the invention will become apparent to those skilled in the art from this detailed description 
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Brief description of the drawings 

[00103 The present invention will become more frilly understood from the detailed description given herein below 
and accompanying drawings that are given as an illustration only, therefore the above description does not present any 
5 limitation to the invention at hand and herein. 

Fig. 1a shows a sensor/guide wire assembly to be used together with the invention; 

Fig. 1b shows a the distal tip of a catheter where a sensor is mounted and together with which the invention is to 
io be used; 

Fig. 2 is a schematic top view of a sensor chip and the resistances in the system 

Fig. 3 is a simplified schematic circuit of the system used, without the inventive feature; 

Fig. 4 is a simplified schematic circuit of the system used, with a first embodiment of the inventive feature; 

Fig. 5 is a simplified schematic circuit of the system used, with a second embodiment of the inventive feature; 

?o Fig 6 shows an equivalent circuitry of the circuitry in Fig. 5 from a DC point of view. 

Fig. 7 is a simplified schematic circuit showing an alternative configuration of the measurement system with the 
inventive feature; 

25 Fig. 8 is a graph showing the improvement in temperature readout with compensation according to the invention 

compared to without compensation. 

Detailed description of the system and the method of measurement 

30 [0011] A distal portion of a sensor and guide wire assembly as disclosed in WO 97/27802, is shown in Fig. 1a. The 
device comprises a solid wire 1 inserted into a proximal tube portion 2. The wire 1 forms the distal portion of the guide 
wire and is extended beyond the distal end of the proximal tube 2 where the tube is connected to, or provided with an 
integrally formed, spiral portion 3 At the distal end of the wire 1, a pressure sensor 6 is mounted. Between the wire 1 
and the spiral portion 3, electrical leads from the electrical circuitry run parallel with the wire 1 . The sensor 6 is protected 

35 by a short section of a tube 7 having an aperture 8 through which a surrounding medium acts on the pressure sensor. 
At the very distal end of the device there is a radio opaque coil 9 made of Pt and used for location purpose. There is 
also provided a safety wire 1 0 for securing the distal part or the spiral 9. 

[0012] The proximal tube 2 and the spiral portion 3 may be connected in such a way that they can be used as elec- 
trical shield. . 
40 [001 3] In Fig. 1 b there is shown a catheter tip pressure transducer which can be used with th present invention. This 
system comprises a catheter 20 closed by an end member 22. This member also functions as a support for a sensor 
24 having a pressure sensitive diaphragm 26. Electrical leads 28 couple the sensor to external equipment. The sensor 
may be protected by a material such as silicon rubber 30. 

[0014] The prior art measurement system disclosed in WO 97/27802 will now be described with reference to Fig. 3 
45 [0015] Pressure sensing resistor R a (a for "active") and temperature sensing resistor Ft p (p for "passive") are 
located on the actual sensor chip, and are coupled to the measurement device using insulated cables having resist- 
ances Rca R cp and Rccom these cables are mounted inside said proximal tube. These cables couples resistors R a , R p 
into the measurement device, and together with internal resistors and R 2 they form a Wheatstone bridge. This 
Wheatstone bridge is driven by the excitation voltage V DC Ex> and the differential output voltage V (a . p) from the bridge is 
so read using an instrumentation amplifier. Single ended output voltage V p in the temperature sensing circuit is read by an 
other instrumentation amplifier. Amplifier output signals V (a _ p) and V p are coupled into the multiplexer, the amplifier out- 
puts V (a p) and V p being sequentially switched into an A/D convener for conversion into digital data. This data is read 
from A/D convener using a microcontroller CPU or digital signal processor DSP. CPU/DSP performs calculations 
needed to obtain the final pressure or temperature signal, and finally the measured values are presented on a numeri- 
55 cal display. 

[0016] The prior an measurement method will now be described with reference to Fig 3. 

[0017] R a and R p are the resistances of the active sensor element and the resistance of the passive element 
respectively, as previously described. Their resistance may vary differently with the temperature i.e. TC Ra * TC Rp . 
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Therefore a compensation of the pressure signal has to be made to compensate for the error related to varying temper- 
ature, i.e. it is known from the calibration curve which is achieved during manufacturing process how much has to be 
added to or subtracted from the registered pressure signal in order to get a correct pressure value. 
[0018] During pressure measurement the circuit disclosed in Fig. 3 is supplied with excitation voltage or current 
(DC or AC). At present most systems of the type the present invention is concerned with are operated with excitation 
voltages of up to 15 V. However, it is conceivable to operate at substantially higher voltages, provided the components 
of the system are designed accordingly. The differential voltage the active and the passive circuits V (a . p) is a represent- 
ative signal for the measured pressure, and single ended voltage V p is a representative signal for the measured tem- 
perature. Because of the fact that the resistors R a and R p are not identical in terms of their temperature dependence, 
the differential voltage V (a . p) will be temperature dependent, therefore the pressure signal V (a _ p) has to be compensated 
against varying temperature. During the manufacturing process every sensor is characterised in terms of temperature 
dependence and the calibration parameter is achieved by measuring simultaneously the temperature coefficient TC Rp 
of the passive element and the difference between TC Rp and temperature coefficient TC Ra of the active sensing ele- 
ment, this is done during manufacturing process. The result is thus a compensation factor 



TT - TC 

= ir^___i*£- (i.o) 

1 Factor 

" HP 



which is used to compensate the sensor signal for temperature variations This factor which is unique to each individual 
sensor, is preferably stored in a PROM or the like, attached to the assembly of which the sensor forms a part. The com- 
25 pensated sensor signal is then equal to 

V - 7V *V (1.1) 

v a-p ' Factor v p * 1 

where, V a . p and V p are the measured potential difference between the active and the passive circuit, and the measured 
30 potential drop across the passive circuit, respectively (see Fig. 3) 

[0019] However, as indicated previously, this method has a drawback which has to do with the potential V p being 
dependent on changes of the cable resistance as well, (i.e. R CP( and Rccom). sucn tnat 

V -V *c+* P + 2*cc„ (l2) 



where, V Ex is the excitation voltage of the bridge (this is a simplification under the previously made assumptions). 
[0020] The prior art measurement method will function satisfactorily provided that the signal produced by change 
in the resistances of the cable, i. e. Reg, Rc a and Rc^ due to the temperature, is negligible compared to the measured 
temperature signal. However, when e.g. small dimensions is needed the resistance per unit length becomes high, which 

45 results in substantial total resistance of the cable. In order to illustrate this effect the following example is given. The 
cables used in the above mentioned International Patent Application WO 97/27802 have a diameter 0.050 mm, length 
1750 mm, resistance = 40 ohm. The temperature coefficient of copper is « 0.00433 °C*\ which results in an increase 
of resistance in the cable by 0.173 ohm/°C. The effective influence of this resistance change in the passive circuit used 
for temperature measurement is three times higher because of the fact that the total length of cable in the circuit is 2 * 

so 1750 mm (Rc p + Rccom) and tne fact that current passing trough the common cable Rccom is a sum of currents in the 
passive and active circuit, the effective influence of the cable can now be defined as 0.520 ohm/°C. Now, if the temper- 
ature difference between the room temperature and the body temperature is approximately 1 7 °C resulting in the resist- 
ance change of 8.33 ohm if the hole cable length is moved from room temperature into body temperature. This shall be 
compared with the fact that the temperature coefficient of the passive resistor R p located on the sensor chip is typically 

55 * 0.000300 °C* 1 . The resistance of the named resistor is typically « 3000 ohm, which results in the desired temperature 
signal of 0.9 ohm/°C. The relationship between undesired change in the cable resistance and desired temperature sig- 
nal can now be calculated as 0.52 / 0.9 * 60 %, which means that 37 % of the temperature signal can actually originate 
from the change in cable temperature. This fact is crucial especially when the sensor is used for the temperature meas- 
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urements, the temperature compensation of the pressure measurements are also influenced. Namely, there are appli- 
cations where the cable length, which is exposed to the temperature change during the measurement is almost 
impossible to predict prior to the measurement procedure. The parts of the cable that will undergo a resistance change 
are those that are present in the same environment as the active sensor element (i.e. exposed to body temperature, 
5 higher than ambient). The contribution to the signal from the change of the cable resistances will thus be dependent on 
that length. In case the length affected by the temperature change is large, the contribution will also be large. Thus, a 
compensation for the change of the cable resistance is necessary. 

[0021] In another prior art measurement method and system disclosed in the above mentioned US-5,715,827 there 
are provided two "active 11 resistors, coupled in a first and a second branch of a Wheatstone bridge respectively. In this 
w system the resistors have opposite response to pressure, such that one of the resistors responds positively to pressure 
changes and the other responds negatively to a pressure change. However, the basic inherent problem with "parasitic" 
cable or lead resistances is the same as for the above discussed system. The present invention is equally well applica- 
ble to the later system without inventive skills being required. 

[0022] Now a first embodiment of the apparatus according to the invention will be described with reference to Fig. 4. 

15 [0023] Basically the same set up as in the prior art measurement system is used. However, there is the additional 
provision of means for providing two in time differing "modes" of excitation, which are generated by the a SW^ 
[0024] Switch SW 1 is coupled between V DCEx and R 2 in order to cut the excitation voltage to the passive circuit. If 
a measurement is now carried out with SW 1 open, and if one assumes that sum of Ftp and R Cp is negligible compared 
to the input impedance of the amplifiers that measures the voltages V p and V a .p, V p will then be a measure of potential 

20 drops across R Ccom (no current is flowing in the passive circuit), i.e. the contribution to the measured temperature signal 
from the change of the cable resistances due to the temperature. Now that the contribution to the temperature signal 
from the change of the cable resistances is determined it is possible to obtain the compensated temperature signal. It 
is given by 

25 Vp-Wpopen < 1 ' 4 > 

where, 3*V P open is the compensation for the change of the cable resistances and is the voltage measured 

across the passive circuit with SW-i open. 

[0025] When SW^ is closed the active element of the sensor yields a signal representative of the pressure, and its 
30 value is given by the signal V a . p . The switch SW, is operable at a selected frequency, the magnitude of which is depend- 
ent on other system parameters, and could vary within wide limits. 

[0026] Now a second embodiment of the apparatus according to the invention will be described with reference to 
Figs. 5-6. 

[0027] Another way of obtaining a compensation for the cable resistance is to create two different modes of excita- 
35 tion using two different excitation voltages separated from each other in frequency. A schematic illustration is shown in 
Fig. 5. 

[0028] In this embodiment the Wheatstone bridge is driven by the excitation voltage V ACEx which is common to 
Active and Passive circuit. There is also a second excitation mode implemented, in this example a DC-voltage. It could 
of course be an AC voltage of a different frequency or phase. This additional DC excitation is applied in the Active cir- 
40 cuit. Now there are three signals or components of signals which are of interest in this application, the AC-component 
of the differential voltage V (a . p) referred to as V (a _ p)AC in Fig. 5, which is a measure of the pressure, the AC-component 
of the single ended voltage V p in Fig. 5 refereed to as V pAC , which is a measure of the temperature, and finally DC- 
component of the single ended voltage V p in Fig. 5 referred to as VpD C , which is proportional to the resistance in the 
common cable Rccom- 

45 [0029] In order to obtain the different components of the differential voltage V (a _ p) and the single ended voltage V p 
it becomes necessary to employ filtering functions. 

[0030] The AC-component of the differential voltage V (a . p) is obtained by high-pass filtering the signal before enter- 
ing into the amplifier. The output from this amplifier is then fed into the multiplexer and further to the A/D converter 
where the signal is converted into the digital code. This digital code is read by CPU/DSP which also calculates e.g. the 

so RMS (root mean square) value of the pressure signal 

[0031] The AC-component of the single ended voltage V p is obtained by high-pass filtering the signal before enter- 
ing into the amplifier. The output from this amplifier is then fed into the multiplexer and further to the A/D converter 
where the signal is converted into the digital code. This digital code is read by CPU/DSP which also calculates e.g. the 
RMS (root mean square) value of the temperature signal 

55 [0032] An additional amplifier is introduced to obtain the DC-component of the single ended voltage V p which is 
also low-pass filtered before entering said amplifier. The output from this amplifier is then fed into the multiplexer and 
further to the A/D converter where the signal is converted into the digital code, this digital code is read by CPU/DSP. 
[0033] It is reasonable to assume that the internal impedance of the AC excitation source is near zero. Under this 
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assumption we can draw the equivalent circuit for calculation of the Rccom which is shown in the Fig. 6. 
[0034] In order to simplify the algorithm we can assume that = R cp = R Ca <<c R 1 = R 2 = R a = R p • 

[0035] Now we will be able to calculate the resistance in the common cable. It is given by 

2 * V pOC • (R , + R a )/ (V DCEx - 2 * V pDC ) 

[0036] It is also possible to obtain the compensated temperature signal. It is given by 

V p ac-3* V pDC 

[0037] Now an alternative implementation of the second embodiment of the invention will be described with refer- 
ence to Fig. 7. 

[0038] The control unit shown in Fig. 7, comprises a first and a second instrumental amplifier having inputs for 
receiving said temperature signal respectively, and outputs delivering a processable out-signal. It comprises a multi- 
plexer coupled to the outputs of said amplifiers, an A/D converter coupled to said multiplexer, and a control unit coupled 
to sequentially receive outputs from said A/D converter. 

[0039] It is provided with excitation means comprising a DC voltage source and an AC voltage source, whereby the 
DC and AC excitation voltages are superimposed on each other. 

[0040] The control unit further comprises high pass filter means coupled to the input of said first instrumental ampli- 
fier, said input being coupled so as to receive a high frequency component of said pressure signal. The second instru- 
mental amplifier also has a low pass filter means coupled to its input, said input being coupled so as to receive a low 
frequency component of said temperature signal. The third instrumental amplifier has a high pass filter means coupled 
to its input, said input being coupled so as to receive a high frequency component of said temperature signal and out- 
puts delivering a processable out-signal. Furthermore there is a multiplexer coupled to the outputs of said amplifiers, an 
A/D converter coupled to said multiplexer, and a control unit coupled to sequentially receive outputs from said A/D con- 
verter. 

[0041] In this alternative implementation the Wheatstone bridge is driven by two D/A converters controlled from the 
CPU/DSP unit. There is also a reference voltage source which is used for the setting of the full scale output from the 
D/A converters. This reference is also fed into the voltage divider network containing resistors R 3 and R 4 , the middle 
point voltage from this divider is used as reference level for the input amplifiers measuring V aAC and V pAC , this makes 
it possible to use higher gain without saturating these amplifiers. 

[0042] Two excitation modes can now be produced by supplying D/A converters with samples of data i.e. D/A con- 
verter supplying the circuit containing R^ and R a is fed with samples containing the waveform used as common 
excitation superimposed to the DC level used as second excitation mode, the D/A converter supplying the circuit con- 
taining R 2 Rc P and R p is fed with sam P ,es containing only the waveform used as the common excitation. 
[0043] Now there are three signals or components of signals which are of interest in this application, the AC-com- 
ponent of the single ended voltage V a referred to as V^c in Fig. 7, the AC-component of the single ended voltage V p 
in Fig. 7 referred to as V pAC , which is a measure of the temperature, the pressure is calculated as difference between 
VaAC and v pAC and fina,l y tne DC-component of the single ended voltage V p in Fig. 7 referred to as V^c , which is pro- 
portional to the resistance in the common cable Rccom- 

[0044] In order to obtain the different components of the voltages V a and V p it becomes necessary to implement 
filtering functions. 

[0045] In this implementation the AC-component of the single ended voltage V a is obtained by high-pass filtering 
the signal before feeding it into the amplifier. The output from this amplifier is then fed into the multiplexer and further to 
the A/D converter where the signal is converted into the digital data. This digital data is read by CPU/DSP which also 
calculates e.g. the RMS (root mean square) value of the signal. 

[0046] The AC-component of the single ended voltage V p is obtained by high-pass filtering the signal before enter- 
ing into the amplifier. The output from this amplifier is then fed into the multiplexer and further to the A/D converter 
where the signal is converted into the digital data. 

[0047] This digital data is read by CPU/DSP which also calculates e.g. the RMS (root mean square) value of the 
temperature signal. 

[0048] An additional amplifier is introduced to obtain the DC-component of the single ended voltage V p which is 
also low-pass filtered before entering said amplifier. The output from this amplifier is then fed into the multiplexer and 
further to the A/D converter where the signal is converted into the digital data, this digital data is read by CPU/DSP. 
; [0049] The same algorithms as for the fig. 5 yields and can be used to achieve the cable resistance and the com- 
pensated temperature signal. 

[0050] In order to illustrate the effect of the compensation obtained using apparatus in accordance with invention 
the following example is given. The measurements shown in the diagram Fig. 8 are achieved using the sensor disclosed 
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in WO 97/27802. At the beginning of the experiment the sensor and 1 00 cm of the cables are immersed in the tank with 
37 °C water, the rest of the cable (75 cm) and measuring unit is located in the room temperature « 20 °C. Measured 
values V of the uncompensated and compensated temperature signals are recorded for every 5 cm while the cable is 
removed P f rom the tank. This experiment clearly demonstrates that the error of the uncompensated signal which is about 
12 °C is decreased to less than 0.2 °C in the compensated signal. 

Claims 

1 . A method of selectively measuring pressure and/or temperature in vivo, comprising the steps of 

providing a pressure sensor having two piezoresistive elements, said piezoresistive elements being coupled to 
a control unit by cables having a temperature dependence affecting the signal obtained from said sensors; 
providing excitation to said sensor to yield two different signals therefrom, such that at least a component of at 
least one of said signals is representative of the cable resistance, and 

using said quantity representative of the cable resistance value to compensate for the influence of said cable 
resistance on the at least one of said temperature and pressure signals. 

2. The method according to claim 1 , wherein the first piezoresistive element is part of one branch of a Wheatstone 
bridge, and the second piezoresistive element is part of another branch of said Wheatstone bridge, and wherein 
the excitation comprise a first excitation of the entire bridge and a second excitation of only the branch of the bridge 
containing the first piezoresistive element 

3. The method according to claim 2, wherein the excitation is a DC voltage applied to the bridge. 

4. The method according to claim 3, wherein the second excitation is carried out by switching off the branch contain- 
ing the second resistor. 

5. The method according to claim 4, wherein said second excitation is performed at a lower frequency than the first 
excitation. 

30 

6. The method according to claim 1 , wherein the excitation constitutes a composite excitation at two different frequen- 
cies. 

7. The method according to claim 6, wherein said composite excitation comprises a DC voltage excitation and an AC 
35 voltage excitation. 

8. The method according to claim 1 , wherein the excitation voltage is up to 15 V. 

9. The method according to claim 6, wherein the AC-component of the signal from the first sensor is obtained by high- 
pass filtering the signal before feeding it into an amplifier; the output from said amplifier is then fed into a multiplexer 
and further to an A/D converter where the signal is converted into digital data; said digital data is then read by a 
CPU/DSP which calculates e.g. the RMS (root mean square) value of the signal; the AC-component of the signal 
from the second sensor is obtained by high-pass filtering the signal before feeding it into said amplifier, the output 
from said amplifier is then fed into said multiplexer and further to said A/D converter where the signal is converted 
into digital data, said digital data is then read by a CPU/DSP which also calculates e.g. the RMS (root mean square) 
value of the temperature signal; and wherein the DC-component of the signal from the second sensor is low-pass 
filtered, and said filtered signal is fed into a second amplifier, the output from said second amplifier being fed into 
said multiplexer and further to said A/D converter where the signal is converted into digital data, this digital data 
being read by CPU/DSP 

10. The method according to claim 1 , wherein the sensor is mounted on a guide wire. 

11. The method according to claim 1 , wherein the sensor is mounted on a catheter. 

12. A control unit suitable for processing signals from a sensor and guide wire assembly adapted to selectively meas- 
ure pressure and/or temperature in vivo, said guide wire assembly comprising a pressure sensor and electrical con- 
ductors coupling said sensor to said control unit, said sensor having two piezoresistive elements, said assembly 
comprising parasitic resistances in said electrical conductors coupling said sensor to the control unit, the control 
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unit comprising 

means for the selective excitation of said pressure sensor so as to yield two different signals therefrom; 

means for the selective registering of a component of one of said signals generated in response to excitation 
of said sensor, said component being proportional to said parasitic conductor resistances; and 

means for compensating at least one of said different signals for the influence of said parasitic resistances, by 
using said component representative of the parasitic resistance value. 

13. The control unit as claimed in claim 12, wherein the excitation means comprises a DC voltage source. 

14. The control unit as claimed in claim 13, comprising a switch operable so as to enable cutting the excitation voltage 
to the passive circuit at a selected frequency. 

15 The control unit as claimed in claim 14, comprising a first and a second instrumental amplifier having inputs for 
" receiving said temperature signal respectively, and outputs delivering a processable out-signal, a multiplexer cou- 
pled to the outputs of said amplifiers, an A/D converter coupled to said multiplexer, and a control unit coupled to 
sequentially receive outputs from said A/D converter. 

16. The control unit as claimed in claim 12, wherein the excitation means comprises a DC voltage source and an AC 
" voltage source, whereby the DC and AC excitation voltages are superimposed on each other. 

17 The control unit as claimed in claim 1 5, comprising a first instrumental amplifier having high pass filter means cou- 
' pled to its input said input being coupled so as to receive a high frequency component of said pressure signal, a 
second instrumental amplifier having a low pass filter means coupled to its input, said input being coupled so as to 
receive a low frequency component of said temperature signal, and a third instrumental amplifier having a high 
pass filter means coupled to its input, said input being coupled so as to receive a high frequency component of said 
temperature signal and outputs delivering a processable out-signal, a multiplexer coupled to the outputs of said 
amplifiers, an A/D converter coupled to said multiplexer, and a control unit coupled to sequentially receive outputs 
from said A/D converter. 
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one of the signals is representative of the cable resist- 



ance and can be used for compensation purposes. 
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